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A comparative study was developed on the total fatty acids composition of twelve wild edible mushroom
species (Suillus bellini, Suillus luteus, Suillus granulatus, Hygrophorus agathosmus, Amanita rubescens, Russula
cyanoxantha, Boletus edulis, Tricholoma equestre, Fistulina hepatica, Cantharellus cibarius, Amanita caesarea
and Hydnum rufescens). In order to deﬁne qualitative and quantitative proﬁles, combined fatty acids were
hydrolyzed with potassium hydroxide/methanol and all free compounds were derived to their methyl ester
forms with methanolic boron triﬂuoride, followed by analysis by GC-MS. Thirty fatty acids were determined.
As far as we know, the fatty acid proﬁles of A. caesarea and H. rufescens are described for the ﬁrst time. As for
the remaining species, a high number of new compounds were identiﬁed, which much improved the
knowledge about their fatty acids proﬁles. In general, oleic, linoleic, palmitic and stearic acids were present in
highest contents. Polyunsaturated and monounsaturated fatty acids, valuable healthy compounds for
humans, predominated over saturated fatty acids for all the studied mushroom species. R. cyanoxantha
presented the highest fatty acids amounts, while B. edulis was the poorest species. By Agglomerative
Hierarchic Cluster Analysis the studied species were gathered in 5 groups, based in their fatty acid patterns.
© 2009 Elsevier B.V. All rights reserved.
1. Introduction
Wild edible mushrooms are widely consumed in many countries.
Their culinary and commercial value is mainly due to their
organoleptic properties, such as aroma and ﬂavour [1], and also to
their riches in carbohydrates, ﬁbres [2], vitamins and minerals, addi-
tionally containing high proportions of unsaturated fatty acids [3]. The
high protein and low fat/energy contents of wild edible mushrooms
make them an excellent food for use in low caloric diets [4].
Lipids display an important role in human body, acting like
hormones or their precursors, helping the digestion process, and
constituting a source of metabolic energy. They also work as structural
and functional components of biomembranes, as constituents of
myelin sheath and as thermal insulators [5].
Fatty acids are the basic building blocks of most lipids. Poly-
unsaturated fatty acids from omega-6 and omega-3 families have
intense biological properties in low concentrations [6] and are the
biosynthetic precursors of the eicosanoids (i.e. prostaglandins). These
are signalling molecules with complex control over many body
systems, having effects on cardiovascular diseases, triglycerides levels,
blood pressure and arthritis [7].
Because of its weather conditions and ﬂora diversity, Trás-os-
Montes (northeastern Portugal) is one of the European regions with
wide mycological patrimony in wild mushrooms of considerable
gastronomic relevance. Moreover, the harvest of those species
constitutes a way of subsistence for the local residents, playing an
important role in the regional and national commerce.
In the present work twelve wild edible mushrooms species
collected in this region were studied: Suillus bellini, Suillus luteus,
Suillus granulatus, Hygrophorus agathosmus, Amanita rubescens, Russula
cyanoxantha, Boletus edulis, Tricholoma equestre, Fistulina hepatica,
Cantharellus cibarius, Amanita caesarea and Hydnum rufescens.
Previous studies described the presence of some fatty acids in
S. luteus and A. rubescens [8], in B. edulis and C. cibarius [9] and in
F. hepatica [10]. In a previous work concerning the pattern volatiles of
wild edible mushrooms, seven fatty acids were identiﬁed (butyric,
caproic, myristoleic, palmitoleic, stearic, linoleic and oleic acids) [1].
Some of them were found in S. granulatus, S. bellini, R. cyanoxantha,
H. agathosmus and T. equestre. As far as we know, nothing has been
described for A. caesarea and H. rufescens fatty acids proﬁles.
Usually, the analysis of fatty acids from lipids is performed by gas-
chromatography (GC) and involves a pre-derivatization of the
combined fatty acids into less polar and more volatile compounds,
so that they can be eluted at reasonable temperatures, without
thermal decomposition or molecular rearrangement along the GC
column. The most common procedure consists in the hydrolysis and
methylation of the combined fatty acids to form their respective
methyl esters (FAMEs) in the presence of a catalytic acid, such as
boron triﬂuoride (BF3) [8,11].
In the sequence of the chemical characterization that we have been
developing on the mushroom species referred above [1,12–15], the
study of their fatty acids composition was conducted, in order to
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deﬁne or improve the knowledge of their proﬁles and, ultimately, to
compare the species.
2. Materials and methods
2.1. Standards and reagents
Caproic, caprylic, capric, undecanoic, lauric, tridecanoic, myristic,
myristoleic, pentadecanoic, palmitic, palmitoleic, heptadecanoic, cis-10-
heptadecenoic, stearic, oleic, linoleic, γ-linolenic, cis-11-eicosenoic, α-
linolenic, arachidic, cis-11,14-eicosadienoic, cis-8,11,14-eicosatrienoic,
arachidonic, cis-5,8,11,14,17-eicosapentaenoic, heneicosanoic, behenic,
erucic, cis-4,7,10,13,16,19-docosahexaenoic, tricosanoic, lignoceric and
nervonic acid methyl esters, and boron triﬂuoride (BF3) 10%methanolic
solution were purchased from Supelco (Bellefonte, PA, USA). Chloro-
form, methanol, anhydrous sodium sulphate and isooctane were from
Panreac Quimica SA (Barcelona, Spain). Potassium hydroxide was
obtained from Pronalab (Lisboa, Portugal). Methyl jasmonate (Internal
Standard) was from by SAFC (St. Louis, USA) and dichloromethane from
Merck (Darmsatdt, Germany).
2.2. Samples
Samples of wild edible mushroom species were collected in Trás-
os-Montes region (northeastern of Portugal), and their characteriza-
tion is provided in Table 1. After harvesting, the mushrooms were
immediately transferred to the laboratory. Taxonomic identiﬁcation
followed that of several authors [16–21] and representative voucher
specimens were deposited at the herbarium of Escola Superior Agrária
of Instituto Politécnico de Bragança. Samples were dehydrated in a
ventilated oven at 30 °C, for 7 days. All materials were kept in the dark,
in hermetically sealed bags, and powdered (910 μm) before analysis.
2.3. Extracts preparation
For the extracts' preparation and fatty acids derivatization, we used
the methods of León-Guzmán et al. [8] with minor modiﬁcations: ca.
1.5 g of the powderedmushroom plus 200 μL of methyl jasmonate 1 g/L
methanolic solution (internal standard) were mixed with chloroform:
methanol (2:1) (5×150 mL) with magnetic stirring at 500 rpm, for
10 min, at 40 °C. The resulting mixtures were concentrated to dryness
under reduced pressure (40 °C) and redissolved in 5 mL of methanol.
2.4. Derivatization
The lipids in the extract were hydrolyzed with 1 mL of KOH
methanolic solution (11 g/L), at 90 °C for 10 min. The free fatty acids
originally present and those resulting from the alkaline hydrolysis
were derivatized to their methyl ester forms with 1 mL of BF3
methanolic solution (10%), at 90 °C for 10 min. The methyl esters
derivatives were puriﬁed with 2×6 mL of isooctane and anhydrous
sodium sulphate was added to assure the total absence of water. The
resulting extract was evaporated to dryness under a stream of
nitrogen and redissolved in 400 μL of isooctane. All the assays were
performed in triplicate for each mushroom species.
2.5. Calibration curve
A methyl ester mixture of saturated fatty acids (SFA) (caproic,
caprylic, capric, undecanoic, lauric, tridecanoic, myristic, pentadecanoic,
palmitic, heptadecanoic, stearic, arachidic, heneicosanoic, behenic,
tricosanoic and lignoceric acids), monounsaturated fatty acids (MUFA)
(myristoleic, palmitoleic, cis-10-heptadecenoic, oleic, cis-11-eicosenoic,
erucic and nervonic acids) and polyunsaturated fatty acids (PUFA)
(linoleic, γ-linolenic, α-linolenic, cis-11,14-eicosadienoic, cis-8,11,14-
eicosatrienoic, arachidonic, cis-5,8,11,14,17-eicosapentaenoic and cis-
4,7,10,13,16,19-docosahexaenoic acids), in a concentration series of 4.00,
2.00, 1.00, 0.50 and 0.25 mg/L, was prepared in isooctane.
2.6. Gas chromatography-mass spectrometry analysis
Standardmixture/sample extracts (1 μL)were analyzedusing aVarian
CP-3800 gas chromatograph (USA) equippedwith a VARIAN Saturn 4000
mass selective detector (USA) and a Saturn GC/MS workstation software
version 6.8. AVF-5ms (30m×0.25mm×0.25 μm) column (VARIAN)was
used. The injector portwas heated to 250 °C. Injectionswere performed in
split mode, with a ratio of 1/40. The carrier gas was Helium C-60 (Gasin,
Portugal), at a constantﬂowof1mL/min. Theoven temperaturewas set at
40 °C for 1min, then increasing5 °C/min to250 °C, 3 °C/min to300 °C and
held for 15 min. All mass spectra were acquired in electron impact (EI)
mode. Ionization was maintained off during the ﬁrst 4 min, to avoid
solvent overloading. The IonTrap detectorwas set as follows: transfer line,
manifold and trap temperatureswere respectively 280, 50 and 180 °C. The
mass ranged from50 to600m/z,with a scan rate of 6 scan/s. Theemission
current was 50 μA, and the electronmultiplier was set in relativemode to
auto tune procedure. The maximum ionization time was 25,000 μs, with
an ionization storage level of 35 m/z. The injection volume for liquid
extracts was 1 μL and the analysis was performed in Full Scan mode.
Identiﬁcation of compounds was achieved by comparisons of their
mass spectra with those from pure standards injected under the same
conditions, and from NIST 05 MS Library Database. The amount of
FAMEs present in the extract samples was achieved from the
calibration curve of the respective FAME standards. The FAMEs values
were then converted into their respective fatty acid contents.
2.7. Statistical analysis
Agglomerative hierarchic cluster analysis (HCA) was carried out
using XLSTAT 2007.5 software. The dendogram method shows
correlations through clusters diagrams.
3. Results and discussion
The study of the fatty acids composition of S. bellini, S. luteus,
S. granulatus, H. agathosmus, A. rubescens, R. cyanoxantha, B. edulis,
T. equestre, F. hepatica, C. cibarius, A. caesarea and H. rufescens species
revealed the presence of caproic, caprylic, capric, undecanoic, lauric,
tridecanoic, myristoleic, myristic, pentadecanoic, palmitoleic, palmitic,
cis-10-heptadecenoic, heptadecanoic, γ-linolenic, linoleic, oleic, stearic,
arachidonic, cis-5,8,11,14,17-eicosapentaenoic, cis-8,11,14-eicosatrienoic,
cis-11,14-eicosadienoic, cis-11-eicosaenoic acid, α-linolenic, arachidic,
heneicosanoic, erucic, behenic, tricosanoic, nervonic and lignoceric
acids (Table 2, Fig. 1). The fatty acids contents in the analyzed samples
ranged from ca. 30 to 3175 mg/kg (Table 2). R. cyanoxantha, followed by
Table 1
Characterization of mushroom samples.
Sample Species Origin Orchard Date of
collection
1 Suillus bellini Bragança Pinus pinaster November 2004
2 Suillus luteus Vinhais Pinus pinaster+
Castanea sativa
November 2005
3 Suillus granulatus Bragança Pinus pinaster November 2005
4 Hygrophorus agathosmus Bragança Pinus pinaster November 2004
5 Amanita rubescens Bragança Quercus pyrenaica May 2006
6 Russula cyanoxantha Bragança Quercus rotundifolia November 2006
7 Boletus edulis Bragança Castanea sativa June 2005
8 Tricholoma equestre Carrazeda de
Ansiães
Pinus pinaster November 2005
9 Fistulina hepatica Bragança Castanea sativa October 2005
10 Cantharellus cibarius Grandais Castanea sativa November 2006
11 Amanita caesarea Grandais Castanea sativa October 2006
12 Hydnum rufescens Grandais Castanea sativa November 2006
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Table 2
Free fatty acids composition of mushroom species (mg/kg dry matter).a
Fatty acid Samples
S. bellini S. luteus S. granulatus H. agathosmus A. rubescens R. cyanoxantha B. edulis T. equestre F. hepatica C. cibarius A. caesarea H. rufescens
C6:0 nd 0.003
(0.000)
nd 0.021
(0.000)
nd 0.029
(0.001)
nd 0.009
(0.001)
nd nd 0.015
(0.000)
0.068
(0.001)
C8:0 0.892
(0.070)
0.015
(0.001)
0.014
(0.000)
0.040
(0.004)
nd 0.045
(0.002)
nd 0.049
(0.002)
0.007
(0.000)
nd 0.027
(0.001)
0.089
(0.001)
C10:0 1.688
(0.101)
0.013
(0.001)
0.039
(0.001)
0.013
(0.001)
0.005
(0.000)
0.244
(0.013)
0.008
(0.002)
0.026
(0.002)
0.004
(0.001)
nd 0.010
(0.001)
nd
C11:0 0.165
(0.007)
0.001
(0.000)
0.006
(0.000)
0.014
(0.000)
nd nd nd nd nd nd nd nd
C12:0 3.605
(0.125)
0.059
(0.002)
0.143
(0.012)
0.170
(0.006)
0.128
(0.005)
0.281
(0.007)
0.027
(0.005)
0.019
(0.000)
0.016
(0.001)
0.055
(0.002)
0.041
(0.002)
0.029
(0.002)
C13:0 3.709
(0.150)
0.025
(0.001)
0.043
(0.003)
1.672
(0.040)
0.026
(0.001)
0.030
(0.002)
nd nd 0.005
(0.000)
nd 0.009
(0.000)
0.009
(0.000)
C14:0 18.280
(1.201)
0.520
(0.027)
1.694
(0.173)
0.715
(0.029)
1.361
(0.063)
0.852
(0.046)
0.216
(0.013)
0.272
(0.008)
0.150
(0.004)
2.315
(0.247)
0.534
(0.015)
0.298
(0.032)
C14:1 nd 0.006
(0.000)
0.020
(0.001)
nd nd 0.004
(0.001)
nd nd nd nd 0.012
(0.000)
nd
C15:0 25.298
(1.070)
1.462
(0.106)
3.307
(0.002)
1.229
(0.101)
2.421
(0.182)
1.330
(0.055)
0.349
(0.003)
1.259
(0.072)
0.484
(0.012)
0.523
(0.048)
0.656
(0.033)
0.750
(0.068)
C16:0 160.702
(0.893)
11.209
(1.030)
6.926
(0.073)
19.045
(1.047)
39.761
(0.000)
16.015
(1.407)
5.285
(0.120)
7.312
(0.302)
4.857
(0.100)
15.660
(0.119)
14.101
(1.106)
9.933
(0.200)
C16:1 16.117
(1.714)
1.780
(0.088)
4.307
(0.100)
1.010
(0.073)
1.955
(0.087)
1.920
(0.157)
0.675
(0.020)
0.270
(0.014)
0.060
(0.001)
0.324
(0.023)
1.796
(0.150)
1.862
(0.158)
C17:0 3.523
(0.311)
0.489
(0.006)
1.698
(0.114)
0.161
(0.006)
2.520
(0.148)
0.245
(0.015)
0.225
(0.003)
0.176
(0.014)
0.212
(0.011)
0.504
(0.000)
0.166
(0.000)
0.442
(0.05)
C17:1 nd 0.259
(0.003)
1.094
(0.021)
0.084
(0.005)
nd nd 0.133
(0.004)
nd 0.028
(0.002)
nd 0.098
(0.006)
0.040
(0.001)
C18:0 76.787
(4.071)
3.107
(0.301)
6.690
(0.151)
4.481
(0.266)
27.844
(1.430)
6.941
(0.360)
3.084
(0.351)
2.787
(0.079)
1.782
(0.069)
7.017
(0.126)
7.111
(0.669)
4.066
(0.263)
C18:1 191.046
(4.045)
1097.004
(12.530)
1177.661
(10.159)
159.028
(4.284)
69.810
(2.813)
2165.499
(13.424)
11.583
(0.412)
244.048
(5.846)
8.448
(0.121)
148.168
(2.320)
1282.709
(13.870)
11.798
(0.344)
C18:2 124.578
(5.019)
650.694
(6.105)
663.008
(9.400)
76.380
(1.065)
19.365
(0.545)
976.316
(22.537)
7.536
(0.492)
203.032
(6.329)
18.607
(0.140)
654.706
(3.471)
310.698
(7.320)
7.885
(0.100)
C18:3n6 nd nd nd nd nd 0.022
(0.001)
nd 0.019
(0.001)
nd nd nd nd
C18:3n3+
C20:1
nd 0.613
(0.023)
0.100
(0.003)
1.306
(0.154)
0.455
(0.060)
0.479
(0.026)
0.165
(0.014)
nd nd nd 0.381
(0.016)
nd
C20:0 7.128
(0.104)
0.436
(0.022)
1.504
(0.047)
2.179
(0.175)
3.230
(0.141)
0.900
(0.044)
0.423
(0.056)
0.241
(0.013)
0.098
(0.005)
nd 0.698
(0.038)
nd
C20:2 0.476
(0.043)
0.219
(0.010)
0.343
(0.010)
0.084
(0.006)
0.122
(0.005)
0.063
(0.003)
0.105
(0.004)
nd 0.016
(0.002)
0.088
(0.001)
0.178
(0.010)
0.033
(0.002)
C20:3n6 0.476
(0.000)
0.015
(0.001)
0.021
(0.002)
0.023
(0.002)
0.015
(0.000)
nd 0.004
(0.000)
nd nd 0.088
(0.000)
0.013
(0.000)
nd
C20:4n6 1.532
(0.051)
0.323
(0.008)
nd 0.098
(0.003)
nd 0.051
(0.001)
0.030
(0.002)
nd 0.009
(0.000)
0.085
(0.006)
nd nd
C20:5n3 nd nd nd nd 0.026
(0.001)
0.028
(0.001)
nd nd 0.016
(0.000)
nd nd 0.044
(0.002)
C21:0 1.705
(0.098)
0.094
(0.003)
0.435
(0.019)
0.031
(0.001)
0.065
(0.002)
0.031
(0.003)
0.015
(0.001)
0.049
(0.001)
0.010
(0.000)
nd 0.041
(0.003)
nd
C22:0 16.772
(0.890)
0.310
(0.003)
0.930
(0.069)
1.345
(0.101)
0.721
(0.038)
1.429
(0.074)
0.154
(0.012)
0.144
(0.006)
0.035
(0.000)
0.320
(0.020)
0.157
(0.003)
0.216
(0.001)
C22:1n9 7.056
(0.350)
0.625
(0.062)
2.163
(0.076)
1.053
(0.058)
0.034
(0.001)
0.064
(0.000)
0.131
(0.010)
0.029
(0.002)
0.012
(0.000)
nd 0.035
(0.001)
0.038
(0.000)
C23:0 2.125
(0.089)
0.112
(0.003)
0.474
(0.024)
0.049
(0.000)
0.301
(0.031)
0.197
(0.017)
0.022
(0.002)
0.109
(0.005)
0.036
(0.002)
0.061
(0.001)
0.188
(0.010)
0.060
(0.001)
C24:0 2.913
(0.120)
0.284
(0.024)
0.889
(0.004)
0.182
(0.000)
2.409
(0.080)
1.774
(0.055)
0.120
(0.004)
0.238
(0.012)
0.105
(0.003)
0.498
(0.002)
0.975
(0.040)
0.342
(0.012)
C24:1 8.428
(0.371)
1.229
(0.043)
1.957
(0.086)
2.747
(0.150)
0.145
(0.002)
0.242
(0.017)
0.234
(0.009)
0.021
(0.001)
0.028
(0.001)
nd 0.033
(0.001)
3.247
(0.104)
Total 676.695
(30.760)
1770.906
(51.528)
1875.470
(49.574)
273.162
(9.467)
172.720
(7.403)
3175.035
(0.099)
30.526
(1.500)
460.109
(0.035)
35.026
(2.248)
830.621
(43.528)
1620.688
(62.564)
41.252
(1.300)
SFA 325.294
(15.000)
18.138
(1.251)
24.794
(1.978)
31.348
(1.234)
80.791
(5.348)
30.345
(2.356)
9.930
(0.740)
12.691
(1.101)
7.801
(0.433)
26.953
(10.464)
24.732
(15.735)
16.305
(0.938)
MUFA 222.648
(12.345)
1100.903
(31.830)
1187.203
(32.674)
163.922
(6.535)
71.945
(5.240)
2167.730
(48.894)
12.756
(0.987)
244.367
(17.385)
8.577
(0.655)
148.493
(10.294)
1284.685
(40.547)
16.985
(0.861)
PUFA 128.753
(7.435)
651.864
(23.000)
663.473
(24.332)
77.892
(2.546)
19.984
(1.201)
976.961
(30.400)
7.840
(0.649)
203.051
(15.385)
18.648
(1.200)
655.176
(34.929)
311.271
(25.755)
7.962
(0.500)
a Results are expressed as mean (standard deviation) of three determinations. (C6:0) caproic acid; (C8:0) caprylic acid; (C10:0) capric acid; (C11:0) undecanoic acid;
(C12:0) lauric acid; (C13:0) tridecanoic acid; (C14:0) myristic acid; (C14:1) myristoleic acid; (C15:0) pentadecanoic acid; (C16) palmitic acid; (C16:1) palmitoleic acid;
(C17:0) heptadecanoic acid; (C17:1) cis-10-heptadecenoic acid; (C18:0) stearic acid; (C18:1) oleic acid; (C18:2) linoleic acid; (C18:3n6) γ-linolenic acid; (C18:3n3+C20:1)
α-linolenic acid+ cis-11-eicosaenoic acid; (C20:0) arachidic acid; (C20:2) cis-11,14-eicosadienoic acid; (C20:3n6) cis-8,11,14-eicosatrienoic acid (C20:4n6) arachidonic acid;
(C20:5n3) cis-5,8,11,14,17-eicosapentaenoic acid; (C21:0) heneicosanoic acid; (C22:0) behenic acid; (C22:1n9) erucic acid; (C23:0) tricosanoic acid; (C24:0) lignoceric acid;
(C24:1) nervonic acid; (SFA) Saturated Fatty Acids; (MUFA) Monounsaturated Fatty Acids; (PUFA) Polyunsaturated Fatty Acids. nd — not detected.
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S. granulatus, S. luteus and A. caesarea revealed to be the richest species in
what concerns to fatty acids amounts.H. rufescens, F. hepatica andB. edulis
were the poorest ones, with the last containing the lowest contents
(Table 2). In previous works, considering other edible mushrooms, the
total fatty acids amounts found were higher than those observed for the
present species [8,22].
The analysis of the obtained proﬁles showed that oleic (ca.18 to 79%),
linoleic (ca.11 to 79%) and, to a lesser extent, palmitic (ca. 0.4 to 24%) and
stearic acids (ca. 0.2 to 16% of total compounds)were themain fatty acids
in the studied species (Table 2). This is in agreement with the results
reported for other edible mushrooms [4,8,23]. Oleic acid was the
preponderant fatty acid in B. edulis, A. rubescens, H. agathosmus,
T. equestre, S. bellini, H. rufescens, A. caesarea, S. granulatus, S. luteus and
R. cyanoxantha species,while linoleic acidwas theprincipal component in
C. cibarius and F. hepatica species. H. rufescens and A. rubescens were the
mushroom with the highest amounts of palmitic and stearic acids,
respectively (Table 2).
Oleic acid (C18:1n9) is a monounsaturated fatty acid included in
the omega-9 family. Humans generally possess all the enzymes
required for the synthesis of these metabolites, which means that
oleic acid is not essential. Under severe conditions of essential fatty
acids deprivation, mammals elongate and desaturate oleic acid to
produce mead acid (C20:3n9) [7]. Oleic acid is found in olive oil and is
known for its effectiveness in reducing cholesterol levels [24,25],
which promotes the decrease of cardiovascular diseases [26]. Other
omega-9 fatty acids, such as erucic, nervonic and cis-11-eicosenoic
acids were also identiﬁed in the analyzed mushrooms (Table 2).
Linoleic acid (LA) is an essential fatty acid as it cannot be
synthesised by the human organism, due to the lack of desaturase
enzymes required for its production. It must be obtained from the
diet and originates the omega-6 fatty acids series, which includes
γ-linolenic (GLA), dihomo-γ-linolenic (DGLA) and arachidonic
(AA) acids [7]. It is known that linoleic acid is the precursor of eight-
carbon volatiles in fungi, such as 1-octen-3-ol, 3-octanol,1-octen-3-one
and 3-octanone [27], which are the principal aromatic compounds in
most species [28], contributing also to the ﬂavour of most of the
mushroom species analysed in the present study [1].
α-Linolenic acid (ALA) is an essential fatty acid able to produce the
omega-3 fatty acids series in humans, including eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) [7].
The omega-3 and -6 fatty acids are the biosynthetic precursors of
eicosanoids, meaning that their intake concentrations will strongly
inﬂuence eicosanoids production, and, therefore, the organism's
metabolic functions [7,29]. Beyond these, many works showed that
they can also decrease the total amount of fat in blood (cholesterol),
reducing the risk of cardiovascular diseases [7,30–32]. A deﬁcient
intake of EFA (Essential Fatty Acids) can be responsible for many
problems, such as dermatitis, imunosupression and cardiac disfunc-
tions [5]. In addition to linoleic andα-linolenic acids, in our study some
of the essential metabolites belonging to omega-6 and omega-3 series
were identiﬁed in some of the analysed species (Table 2). GLA was
found in S. bellini, S. luteus, H. agathosmus, C. cibarius, R. cyanoxantha,
B. edulis and F. hepatica species (ca. 9 to 1532 μg/kg), GLA was
observed in R. cyanoxantha and T. equestre species (ca. 19 to 22 μg/kg)
and EPA was detected in H. rufescens, R. cyanoxantha, A. rubescens and
F. hepatica (16 to 44 μg/kg) (Table 2).
Since humans are limited in the obtainment of EPA from linolenic
acid, they need a supplementary diet intake to maintain the
recommended levels of this acid in the organism [33]. The results of
the present work revealed that EPA is not present in almost all of the
analysed species and that the mushroom species in which it is
detected exhibit very low amounts of this compound (Table 2). The
minor contents of EPAwere already reported by other authors in other
mushroom species [34]. DHA was also studied by us but it was not
detected in any of the analysed mushroom species (data not shown).
In opposition to other matrices, like oily ﬁsh and ﬁsh oil [31],
mushrooms would not be a good diet source of DHA. This is the most
abundant omega-3 PUFA contained in the tissues, and it is especially
necessary for optimal visual acuity and neural development [35]. In
fact, by the observation of Table 2, omega-6 (except linoleic acid), as
well as omega-3 fatty acids appeared in the studied mushroom
species in very low amounts. Although these compounds are not
abundant, they are essential for some important human metabolic
pathways [6].
The characterization of saturated, monounsaturated and polyun-
saturated fatty acid proﬁles is shown in Table 2 and Fig. 2. The total
fatty acid contents for SFA, MUFA and PUFA ranged from ca. 8 to
325 mg/kg, ca. 9 to 2168 mg/kg and ca. 8 to 977 mg/kg, respectively.
SFA content was higher in A. rubescens due to palmitic acid (47%) and
in S. bellini as result of the high levels of both palmitic and stearic acids
Fig. 1. GC-MS proﬁle ofmethyl esters of free fatty acids ofR. cyanoxanthamushroom. (1) caproic acid; (2) caprylic acid; (3) capric acid; (4) lauric acid; (5) tridecanoic acid; (6)myristoleic
acid; (7) myristic acid; (8) pentadecanoic acid; (9) palmitoleic acid; (10) palmitic acid; (11) heptadecanoic acid; (12) γ-linolenic acid; (13) linoleic acid; (14) oleic acid; (15) stearic acid;
(16) arachidonic acid; (17) cis-5,8,11,14,17-eicosapentaenoic acid; (18) cis-11,14-eicosadienoic; (19) cis-11-eicosenoic acid and α-linolenic acid; (20) arachidic acid; (21) heneicosanoic
acid; (22) erucic acid; (23) behenic acid; (24) tricosanoic acid; (25) nervonic acid; (26) lignoceric; (IS) Internal Standard. Chromatogram in full scan acquisition.
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(48% of total compounds) (Table 2). PUFAs and MUFAs were
predominant in all of the remaining mushroom species, varying from
ca.12 to79%and from18 to79%of total fattyacids, respectively (Table 2).
The high linoleic acid content contributes to the overall increase in
PUFAs, while oleic acid raises MUFAs amounts. PUFAs amount was
higher inC. cibarius and F. hepatica species, inwhich linoleic acidwas the
main compound (ca.79 and 53% of total fatty acids, respectively), and
MUFA were present in highest levels in S. luteus, S. granulatus,
H. agathosmus, R. cyanoxantha, B. edulis, T. equestre, A. caesarea and
H. rufescens species, due to oleic acid (ca. 29 to 79%). This is consistent
with the predominance of unsaturated fatty acids over the saturated
ones in mushrooms total fatty acid content previously observed
[23,34,36]. The substitution of saturated by unsaturated fatty acids in
the diet is very important, as it leads to an increase in HDL cholesterol
and decreases LDL cholesterol and triacylglycerols [37]. On the other
hand, it was proved that a diet rich in saturated fat is correlated with an
increase in atherosclerosis and coronary heart disease [38]. Based on
these ﬁndings, the consumption of A. rubescens and S. bellini should not
be so advantageous as the intake of the remaining species.
The fatty acid proﬁles of the different mushroom species appeared
to be distinct. Although oleic and linoleic acids were present in all of
them as the most abundant compounds, linoleic acid was the major
compound in C. cibarius and F. hepatica species, while oleic acid was
the main one in the remaining species (Table 2). Nevertheless, it
seems that minor fatty acids, such as omega-3 and -6 (except linoleic
acid) could be the main responsible for the distinct proﬁles of the
analyzed mushroom species. Based in Table 2, we can see that the
presence of these fatty acids occurs only in certain species and that
there are great quantitative differences on these compounds between
the mushroom species. Maybe the genes responsible for the synthesis
of the enzymes participating in the biosynthetic pathways for the
formation of these fatty acids could be distinct [39].
For a deeper comparison of the samples, we performed an
Agglomerative Hierarchic Cluster Analysis (HCA) regarding mush-
room species and fatty acids variables. The fatty acids proﬁles allowed
to separate the mushrooms species into 5 groups: group 1 included
only S. bellini; group 2 comprised only A. rubescens; group 3 contained
H. agathosmus, C. cibarius, A. caesarea and R. cyanoxantha; group 4 was
composed by B. edulis, T. equestre and F. hepatica and group 5
consisted of H. rufescens, S. granulatus and S. luteus (Fig. 3).
Group2 is distinct fromgroup1: undecanoic, arachidonic and caprylic
acids were not detected in A. rubescens but were present in S. bellini. On
the contrary, α-linolenic and cis-5,8,11,14,17-eicosapentaenoic acids
were found in A. rubescens, but not in S. bellini (Table 2). Groups 3 and
5 are the unique containing myristoleic acid (Table 2). Additionally, all of
the members of group 5 exhibit cis-10-heptadecenoic acid. Group 4 is
characterized by the presence of capric, arachidic and heneicosanoic
acids and by the absence of myristoleic acid in all of their species
(Table 2).
The determination of the total fatty acids proﬁle of S. luteus
showed, besides the 14 already reported [1,40], additional 14
compounds described for the ﬁrst time (Table 2). As far as we know,
γ-linolenic acid was the only reported fatty acid [40] that was not
identiﬁed in the present work. The results from our study (Table 2)
and others [40] allowed to notice that oleic and linoleic acids are the
major fatty acids in S. luteus.
The fatty acids analysis of S. granulatus revealed 20 compounds in
commonwith the literature [1,3,41] plus 6 more compounds found for
the ﬁrst time: undecanoic, myristoleic, cis-10-heptadecenoic, cis-
8,11,14-eicosatrienoic, heneicosanoic and tricosanoic acids (Table 2).
Caproic acid, which was already reported [1,3] in this species, was not
found now. The present study identiﬁed linoleic acid, followed by oleic
acid as the major compounds (Table 2), which is in good agreement
with previous works [3,41].
For S. bellini, only palmitoleic acid was reported until now [1], but
other 22 fatty acids were now identiﬁed. The main fatty acids found
followed the order oleicNpalmiticN linoleicNstearic acid (Table 2).
The comparison of the results obtained with the three analysed
Suillus species (S. luteus, S. granulatus and S. bellini) allows to observe
that S. granulatus and S. luteus presented higher fatty acid contents
Fig. 2. SFA (Saturated Fatty Acids), MUFA (Monounsaturated Fatty Acids) and PUFA
(Polyunsaturated Fatty Acids) contents in wild edible mushrooms species: Suillus
bellini, Suillus luteus, Suillus granulatus, Hygrophorus agathosmus, Amanita rubescens,
Russula cyanoxantha, Boletus edulis, Tricholoma equestre, Fistulina hepatica, Cantharel-
lus cibarius, Amanita caesarea and Hydnum rufescens. Results are expressed as μg/kg dry
matter. Values show mean±SE from 3 experiments performed in triplicate.
Fig. 3. Dendogram of edible mushroom species with fatty acids contents. 1–5
correspond to different grouping species.
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than S. bellini (Table 2). Inwhat concerns to their qualitative proﬁles, the
species revealed to be distinct. Despite the 23 fatty acids common to the
three species, caproic acid was identiﬁed only in S. luteus; arachidonic
acid was not found in S. granulatus and S. bellini lacked myristoleic,
cis-10-heptadecenoic, α-linolenic and cis-11-eicosenoic acids (Table 2).
Concerning their quantitative proﬁles, both S. granulatus and S. luteus
exhibited oleic and linoleic acids as themajor compounds (ca. 63 and35%
of total fatty acids for S. granulatus and ca. 62 and 37% for S. luteus,
respectively) and all the other fatty acids in trace amounts (Table 2). The
presence of four main fatty acids in S. bellini, following the order
oleicNpalmiticN linoleicNstearic acids, distinguishes this from the other
Suillus species and contributes for gathering S. granulatus and S. luteus
in a group and S. bellini in a different one (Fig. 3). This differentiationwas
also found before [1].
As for R. cyanoxantha, in addition to the fatty acids previously
described in the literature, namely caproic, palmitoleic, stearic and
oleic acids [1], other 23 compounds were identiﬁed for the ﬁrst time
(Table 2, Fig. 1). Oleic and linoleic acids were the preponderant
compounds accounting for ca. 68% and 31% of total fatty acids,
respectively (Table 2).
Concerning A. rubescens, our work revealed lauric, tridecanoic, cis-
5,8,11, 14,17-eicosapentaenoic, cis-8,11,14-eicosatrienoic, cis-11,14-
eicosadienoic, cis-11-eicosenoic, α-linolenic, heneicosanoic, erucic,
tricosanoic, nervonic and lignoceric acids for the ﬁrst time, apart from
other 11 fatty acids described before [1,8,40] (Table 2). As reported in
the literature, the obtained results showed that the major compounds
were oleic, palmitic [8], stearic [1] and [8] and linoleic acids [8,40].
Both qualitative and quantitative fatty acid proﬁles of A. rubescens
were very different from those of A. caesarea, placing these Amanita
species in two distinct groups (Fig. 3).
In what concerns to H. agathosmus, 24 fatty acids were now found
in addition to caproic, palmitoleic and oleic acids previously described
[1] (Table 2). Oleic acid revealed to be the main compound in
H. agathosmus (ca. 58% of total compounds), followed by linoleic acid
(ca. 28% of total compounds) (Table 2).
With respect to B. edulis, our work revealed 4 additional fatty acids
not previously found in the literature: cis-10-heptadecenoic, arachi-
donic, cis-8,11,14-eicosatrienoic and heneicosanoic acids (Table 2).
The remaining fatty acids identiﬁed in our work were already
described [1,3,9,23,36]. Caproic, caprylic, capric [3,9], undecanoic
and tridecanoic acids [3] found in other studies, were not detected. By
observing Table 2, it is possible to identify oleic acid, followed by
linoleic, palmitic and stearic acids as the main fatty acids of B. edulis.
Previous studies also classiﬁed oleic and linoleic acids as the most
abundant fatty acids in this species, but, in opposition to our work,
linoleic acid was present in highest amounts than oleic acid. Palmitic
and stearic acids identiﬁed in the preceding studies were also
prevalent fatty acids, but to a lesser extent [3,9,23,36].
As far as we are aware, this is the ﬁrst work describing the presence
of 23 fatty acids in F. hepatica (Table 2), 7 of which were already
reported in the literature [1,10,42]. The main fatty acids found now
were linoleicNoleicNpalmitic acid (Table 2).
As far asweknow, this is theﬁrst report to describe thepresence of 20
fatty acids in T. equestre (Table 2): in addition to those already reported
(caproic, palmitoleic and stearic acids) [1], 17 more fatty acids were
found in this species. The results of the present work showed that oleic
and linoleic represent the major fatty acids of T. equestre, corresponding
to ca. 53% and 44% of total compounds, respectively (Table 2).
The determination of the total fatty acids proﬁle of C. cibarius
revealed 15 fatty acids in common with the literature (Table 2)
[9,34,36] and arachidonic acid, which was identiﬁed for the ﬁrst time
in this species. On the other hand, compounds such as myristoleic [36]
and other fatty acids [9,34] were not found in our work.
Concerning the species described above, their qualitative and
quantitative fatty acids proﬁles revealed, to some extent, to be different
from those described in the literature. This could be explained by the
diversity of extraction, derivatization or quantiﬁcation methods used in
the different studies. In addition, the different geographical origin and/
or stage of developmentof the analysed species also cannot be excluded.
4. Conclusion
In conclusion, the chemical composition of Portuguese wild edible
mushrooms clearly indicates that they provide key nutrients, such as
unsaturated fatty acids. As far as we know, the fatty acid proﬁles of
A. caesarea and H. rufescens were described for the ﬁrst time. For the
remaining species, ahighnumberof newcompoundswerenowreported,
which improved the knowledge about their fatty acids proﬁles. The
studied species proved to be an excellent food, which can be used in low
caloric diets, due to their lowsaturated fat contents, and, therefore, canbe
consumed by people with high blood cholesterol levels. Because of the
diversity of unsaturated fatty acids in mushrooms, which is of great
importance to the metabolic pathways and to human health, this food
could also be used to make nutritive supplements by food industry.
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